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Description 
DRAM Circuit and its Operation Method 

Background of Invention 

[0001] Field of the Invention 

[0002] The present invention relates generally to a DRAM circuit 
and an operating method thereof, and more particularly, 
to an arrangement of a sense amplifier and a peripheral 
circuit thereof in a DRAM array, and an operation of the 
sense amplifier. 

[0003] Background of the Invention 

[0004] In a DRAM, each space between bit lines is narrowed with 
progress of a process technology, so that a problem of in- 
creasing an interference noise occurs. The interference 
noise referred to here means a noise resulting from a 
coupling capacitance between the bit lines. This interfer- 
ence noise can be classified into an interference noise be- 
tween the bit lines connected to one sense amplifier and 
an interference noise between the adjacent bit lines con- 
nected to different sense amplifiers. 



[0005] As a conventional technique to overcome the problem of 
the interference noise, there is a twisted bit line system 
(hereinafter, referred to as the TBL system). Examples of 
known documents regarding the TBL system include 
Japanese Patent Application Laid-open Nos. 
183489/1990, 94569/1992, 94597/1995 and 
168300/2001, the disclosure of which are incorporated 
by reference herein. FIG. 1 is a conceptual view of the TBL 
system for use in an embedded DRAM (hereinafter, re- 
ferred to as the eDRAM) which is a product of IBM Corpo- 
ration (known document: ISSCC 2002 Digest of Technical 
Papers, pp. 156-157, the disclosures of which is incorpo- 
rated by reference herein). In FIG. 1, bit line pairs (BLOt, 
BLOc) to (BL3t, BL3c)are connected to sense amplifiers (SA) 
and bit switches (BSW) while they cross each other on the 
way. This cross of the bit lines reduces the interference 
noise between the bit lines (e.g., BLOc and BLlt) con- 
nected to the adjacent different sense amplifiers. That is 
because a space between the bit lines (for example, BLOc 
and BLlt) changes (broadly or narrowly) from the position 
of the cross. 

[0006] However, in the system of FIG. 1, there is a problem that 
the interference noise between the bit lines connected to 



the one sense amplifier is not reduced. Tliat is because a 
space between the bit lines (e.g., BLOt and BLOc) does not 
change from the position of the cross. Furthermore, as 
viewed in a vertical direction, the bit lines cross at three 
portions, and hence, there is a problem that its cross area 
prevents the realization of a high density, because the 
connection of a memory cell is impossible at the cross of 
the bit lines. An area loss at one cross corresponds to 
about two cells. Owing to the three bit line crosses, there 
is a problem that four reference word lines (RFWLO-4) is 
necessary for a read operation and the area for these word 
lines also prevents the realization of the high density. In 
the DRAM of, for example, a (1/2) Vdd pre-charge system 
which does not need the reference word lines (RFWLO-4), 
there does not rise any problem regarding the reference 
word lines (RFWLO-4). 
[0007] Another prior art which solves the problems of interfer- 
ence noise includes a multiple twisted bit line method 
(hereinafter referred to as an MTBL method). FIG. 2 shows 
an example of the MTBL method (known document: IEEE 
JSSC vol 34, No 6, pp. 856-865 June 1999, the disclosure 
of which is incorporated by reference herein). In the 
method of FIG. 2, bit lines of a bit line pair (BLlt, BLlc) 



cross at one place on the way, and from the crossing, a 
space between the bit lines is wider. The same is seen in a 
bit line pair (BL3t, BL3c). Bit lines of a bit line pair (BLOt, 
BLOc) do not cross, and a space between the bit lines is 
wider on the way. The same is seen in a bit line pair (BL2t, 
BL2c). Therefore, in the MTBL method of FIG. 2, both in 
the bit lines connected to the same sense amplifier (e.g., 
BLlt, BLlc) and in the bit lines among adjacent bit lines 
connected to the different sense amplifiers (e.g., BLOc, 
BLlc), the space between the bit lines changes (widens or 
narrows) before and after the cross. Thus, the interference 
noise between any adjacent bit lines is decreased. In this 
regard, the MTBL method of FIG. 2 is superior to the TBL 
method of FIG. 1. 

[0008] Furthermore, the bit lines cross at one place in the 

method of FIG. 2. In addition, only two reference word 
lines (RFWLO, 1) are sufficient. Accordingly, the MTBL 
method of FIG. 2 has an effect of area improvement, as 
compared with the TBL method of FIG. 1. 

[0009] However, in the MTBL method of FIG. 2, the sense ampli- 
fiers (SA) and the bit switches (BSW) are needed on both 
sides of the array, which causes a loss of area. For exam- 
ple, the eDRAM is configured by cumulating the constitu- 



tion of FIG. 2 as a macro, as shown in FIG. 3. Therefore, as 
shown in FIG. 4, duplication of the sense amplifiers (SA) 
and the bit switches (BSW) is caused above and below the 
arrays and takes up the area for them, thus causing a 
problem of preventing high density. For example, in the 
eDRAM of 16 Mb shown in FIG. 3 in which 16 DRAMs of 1 
Mb are piled up, an area of about 525 micrometers, which 
is fifteen times as high as the 35-micrometer sense am- 
plifiers (SA) and the bit switches (BSW), is unnecessarily 
used. 

[0010] The present invention has been attained to solve the 

problems of the prior art described above, and its object 
is to provide a DRAM which reduces interference noise 
between bit lines. 

[0011] Furthermore, an object of the present invention is to apply 
a high-density DRAM which reduces interference noise 
between bit lines. 

[0012] Still further, an object of the present invention is to pro- 
vide a high-density DRAM in an MTBL method which re- 
duces interference noise between bit lines. 
Summary of Invention 

[0013] According to the present invention, there is provided, for 
example, a DRAM circuit comprising a plurality of aligned 



sense amplifiers, bit line pairs connected to the plurality 
of sense amplifiers, respectively, and memory cells con- 
nected respectively to the bit lines constituting the bit line 
pairs, wherein the bit line pairs and the memory cells are 
alternately arranged on a right side (upper side) and a left 
side (lower side) of the sense amplifiers per N (N: natural 
number) aligned sense amplifiers. 

[0014] According to the present invention, there is provided, for 
example, a DRAM circuit comprising a plurality of sense 
amplifiers SA 0, K) arranged in Q lines each containing the 
P sense amplifiers, bit line pairs connected to the plurality 
of sense amplifiers SA 0, K), respectively, and memory 
cells connected respectively to the bit lines constituting 
the bit line pairs, wherein 

[0015] the sense amplifier SA Q, K) is connected to each of the bit 
line pairs arranged between the sense amplifier SA Q, K) 
and a sense amplifier SA Q, K-1) in one next line or a 
sense amplifier SA 0, K+1) in the other next line; 

[0016] a sense amplifier SA Q+l, K) is connected to the bit line 
pairs arranged between the sense amplifier SA G + 1, K) 
and a sense amplifier SA Q+l, K+1) in one next line or a 
sense amplifier SA Q+l, K-1) in the other next line; 

[0017] a sense amplifier SA G+3, K) is connected to each of the 



bit line pairs arranged between tlie sense amplifier SA 
0+3, K) and a sense amplifier SA 0+2, K-1) in one next 
line or a sense amplifier SA 0+2, K+1) in the other next 
line; and 

[0018] p and Q are both integers of more than 3, J is an arbitrary 
integer of more than 1 and less than P, and K is an arbi- 
trary integer of more than 1 and less than Q. 

[0019] Furthermore, according to the present invention, there is 
provided, for example, an operation method of a DRAM 
circuit comprising a plurality of aligned sense amplifiers, 
bit line pairs connected to the plurality of sense ampli- 
fiers, respectively, and memory cells connected respec- 
tively to the bit lines constituting the bit line pairs, 
wherein the bit line pairs and memory cells are alternately 
arranged on a right side (upper side) and a left side (lower 
side) of the sense amplifiers per N (N: natural number) 
aligned sense amplifiers, the method comprising a step of 
activating the plurality of sense amplifiers connected to 
the bit line pairs and memory cells arranged on the right 
side (upper side) of the sense amplifiers, and the plurality 
of sense amplifiers connected to the bit line pairs and 
memory cells arranged on the left side (lower side) of the 
sense amplifiers at different timing, when data is read. 



Brief Description of Drawings 

[0020] Figure 1 is a conceptual view of a conventional TBL 
method. 

[0021] Figure 2 is a conceptual view of a conventional MTBL 
method. 

[0022] Figure 3 is a view showing a configuration as a 16 Mb 
macro in the conventional MTBL method of FIG. 2. 

[0023] Figure 4 is a view showing a configuration as a macro in 
the conventional MTBL method of FIG. 2. 

[0024] Figure 5 is a view showing one embodiment of the present 
invention. 

[0025] Figure 6 is a view showing one embodiment of the present 
invention. 

[0026] Figure 7 is a detailed view of the periphery of one line of 
sense amplifiers in the configuration of the present inven- 
tion of FIG. 5. 

[0027] Figure 8 is a view showing a size comparison in the case 

of a vertically cumulated macro of 16 Mb. 
Detailed Description 

[0028] An embodiment of the present invention will hereinafter 
be described in detail in reference to the drawings. It 
should be noted that the following description is based on 



an embedded DRAM (eDRAM) of IBM corporation, but it is 
needless to mention that the present invention is applica- 
ble to all other multi-purpose DRAMs. FIG. 5 is a concep- 
tual view showing the configuration of the present inven- 
tion. In the configuration of FIG. 5, duplication of sense 
amplifiers (SA) and bit switches (BSW) in the conventional 
configuration of FIG. 4 (MTBL method) is eliminated, and 
one line of sense amplifiers and bit switches (BSW/SA) is 
arranged between cell areas. Specifically, in the configura- 
tion of FIG. 5, arrays are horizontally moved and vertically 
cumulated so as to reduce the areas. In the new method 
configuration of FIG. 5, an upper array and a lower array 
have a difference of one sense amplifier, but this is actu- 
ally a difference of one sense amplifier in the 2048 sense 
amplifiers horizontally arranged, so that the loss caused 
thereby can be neglected. 
[0029] In FIG. 5, the bit line pairs to be connected are alternately 
interchanged above and below every one horizontally 
aligned sense amplifier (SA). For example, a sense ampli- 
fier (SA) 10 is connected to an upper bit line pair 11, and 
on its right, a sense amplifier (SA) 12 is connected to a 
lower bit line pair 13, and further on its right, a sense am- 
plifier (SA) 14 is connected to an upper bit line pair 15. 



The same applies to the others. Note that the bit line pairs 
to be connected may be alternately interchanged above 
and below, not every one sense amplifier (SA) but every 
two or more plural (N) sense amplifiers (SA). 
[0030] In FIG. 5, the MTBL method similar to that in FIG. 2 is 
adopted. Therefore, for example, the bit lines of the bit 
line pair 11 cross at one place on the way, and from the 
cross, a space between the bit lines is wider. The same is 
seen in the bit line pair 15. Further, bit lines of a bit line 
pair 16 do not cross each other, and a space between the 
bit lines is wider on the way. The same is seen in a bit line 
pair 17. In the new MTBL method of FIG. 5, both in the bit 
lines connected to the same sense amplifier and in the bit 
lines among adjacent bit lines connected to the different 
sense amplifiers, a space between the bit lines changes 
(widens or narrows) before and after the cross. Thus, the 
interference noise between any adjacent bit lines is de- 
creased. 

[0031] FIG, 6 is a configuration view of one embodiment of the 
present invention. This configuration comprises bit lines, 
sense amplifiers (SA), bit switches (BSW), set drivers (SET 
DRV) in the MTBL method of the prior art, and a new com- 
bination of these. With regard to the actual sense ampli- 



fier (SA) and bit switch (BSW), two of them (equal to two 
bit line pairs) are combined together and optimally laid 
out. 2048 of this align horizontally, while half of them are 
connected to the bit lines in the upper arrays and the 
other half of them are connected to the bit lines in the 
lower arrays, every two of them. Set drivers 20 are dis- 
posed dispersedly in stitch areas of word lines or local 
word line driver areas. The stitch area signifies the area 
where a wiring metal and polysilicon are connected. 
[0032] In the configuration of FIG. 6, the set drivers 20 operate in 
accordance with the selection of upper and lower arrays, 
and separately activate the sense amplifiers (SA) con- 
nected above and below. Specifically, for example, when 
data is read, the bit line pairs and memory cells 21, 22 ar- 
ranged in the upper cell area and sense amplifiers (SA) 25, 
26 connected thereto, and the bit line pairs and memory 
cells 23, 24 arranged in the lower cell area and sense am- 
plifiers (SA) 27, 28 connected thereto, are activated at dif- 
ferent timing. This is because the upper and lower cell ar- 
rays each need to be driven (activated) separately. The bit 
switches (BSW) operate by a common input signal. Input 
signals to the set drivers 20 and bit switches (BSW) are 
generated in a local control area by the side of each array. 



similarly to the conventional method. 
[0033] FIG. 7 is a view showing in more detail the periphery of a 
plurality of aligned sense amplifier lines in the configura- 
tion of the present invention of FIG. 5. A sense amplifier 
SA (30) is arranged in the center, and on its left, a bit 
switch BSW (31) is disposed. The bit switch BSW (31) is 
connected to data lines DLt, DTc and bit lines BLt, BLc. In 
the cell area, at least one or more memory cell(s) 32 
is(are) connected to each bit line. Set drivers 33, 34 are 
disposed above and below the sense amplifier SA (30) 
line. In the entire DRAM (macro), a plurality of aligned 
sense amplifiers SA (30) is divided (separated) every more 
than one of them (M of them, M is a natural number), and 
the set drivers 33, 34 are arranged in the divided areas. 
The set drivers 33, 34 activate the plurality of alternate 
(right side and left side) sense amplifiers SA (30) at differ- 
ent timing. In other words, the set driver 33 activates the 
sense amplifiers SA (30) connected to the bit line (cell) 
disposed on the left side (upper side), and the set driver 
34 activates the sense amplifiers SA (30) connected to the 
bit line (cell) disposed on the right side (lower side). This 
is because right and left cell arrays each need to be driven 
(activated) separately. 



[0034] PIC 8 shows a size comparison in tlie case of a vertically 
cumulated macro of 16 Mb based on the eDRAM of IBM. In 
FIG. 8, the left section indicates values of array configura- 
tion in the new method of the present invention, the cen- 
ter indicates values in a conventional TBL method, and the 
right indicates values in a conventional MTBL method. If 
the height of the 16 Mb macro is compared, the array 
configuration of the present invention is reduced by an 
area of 112.2 micrometers as compared with the conven- 
tional TBL method, and is reduced by an area of 525 mi- 
crometers (about 10%) as compared with the conventional 
MTBL method. 

[0035] According to the present invention, interference noise be- 
tween bit lines can be reduced while high density is main- 
tained. Further, the present invention can apply a conven- 
tional layout of sense amplifiers and bit switches as it is, 
and its merit is that it can be easily achieved with only a 
partial layout change (e.g., change of the metal wiring of 
the sense amplifiers and set drivers). 



